Introduction
The association of callose, a P(1 + 3) glucan (Aspinall and Kessler 1957) , with virus-induced local lesions has been shown by fluorescent and electron microscopy (Wu et 01. 1969; Wu and Dimitman 1970; Spencer and Icimmins 197 1 ; Hiruki and Tu 1972) .
Subsequently, two protein-polysaccharide complexes were extracted from the primary leaves of Pinto bean infected with the local lesion-inducing tobacco necrosis virus (TNV) (Brown and Kimmins 1973) . One complex (glycoprotein I) contained P(1 4)-and P(1 -+ 3)-linked D-glucopyranose units; the second (glycoprotein 11) was shown to contain P(1 + 4)-llnked but not P(1 + 3)-linked glucose units. This paper investigates the possible involvement of these glycoproteins in hypersensitive resistance by examining their formatioil during 'Revised manuscript received February 19, 1973. development of lesioils on Pinto bean infected with TNV or TMV.
Materials and Methods
The germination and growing conditions of Plrawolus vulgaris var. Pinto were as described previously for the variety Prince (Kimmins 1967) .
The preparation of inocula and inoculation of the primary leaves of bean with TNV and TMV have also been reported (Kimmins 1967 .
Plants, 10 days old, were treated at 0900 h in one of the following ways, with TNV, TMV, sham-inoculated (virus omitted from the inoculum), or left uninoculated [healthy). For TNV and TMV treatments, the virus inoculum was diluted to produce in excess of 500 lesions per leaf. Extraction of glycoproteins from the primary leaves was carried out at 0, 6, 12, 24, 36, 48, 72, 96 , and 120 11 after inoculation, using the neth hods described previously (Brown and Kirnmins 1973) . Each sample was derived from 30 plants. After the dialysis step, a portion of the non-dialyzable insoluble material was used for carbohydrate determination (Neish 1952) while the rest was dried (lOO°C, 12 11) and weighed. The nitrogen content of the dried samples from the TNV (36 and 120 h), TMV (36 and 144 I]), and sham-inoculated (36 and 120 h) experiments was measured with a CHN analyzer (Hewlett Pacltard 185). The type of glycosidic bonds present in the material extracted from sharn control and TMV-infected plants was derermined by methylation analysis as ciescribed previously for TNV-infected plants (Brown and Kimmins 1973) .
To determine relative virus content, 5-g samples were harvested at 24-11 intervals. These were macerated, strained through cheesecloth, ant1 diluted with water to a constant volume to serve as a crude virus extract. Local lesion assays were carried out using Pinto bean and a value for relative virus content determined from the figures for lesion per gram fresh weight.
Results
The amounts of extractable glycoprotein measured by weight and as total carbohydrate in the recovered product are shown in Figs. 1 and 2 respectively. The nitrogen content of the 36-, 120-, and 144-h samples varied from 6.1 to 7.8y0 nitrogen, indicating that the extracted preparations from the four treatments contained about the same protein content. The results of the methylation analysis on the carbohydrate moiety of material from sham control and TMVinfected Pinto plailts were similar to those obtained for the glycoprotein extracted from TNVinfected Pinto (Brown and Kimmins 1973) . The samples from 120 h or 144 11 contained P(1 -. 4) glucosidic linkages while the 36-h sample con- tained mainly P(1 -> 4) with some P(1 + 3). In each of the four treatments ylycoproteins were present at the time of inoculat~on (0 h) but had disappeared during the next few hours, the 12-h samples being negative. In the uninoculated (healthy) plants, none of the subsequent samples yielded glycoproteins. In both timing and amounts of glycoproteins, the pattern of events after 12 11 was almost identical for sharninoculated and virus-inoculated plants. Between 12 and 48 h, the glycoprotein content increased, but by 60 h (TNV-, TMV-treated) or 96 h (sham) had disappeared. The glycoprotein accumulated during this period has been designated glycoprotein I. The period when glycoprotein was not detected was followed by reappearance of glycoprotein (glycoprotein I[) after 72 h (TNV), 96 11 (TMV), and 120 h (sham). In subsequent experiments, the most noticeable difference in the results for any of the treatments was the time for onset of glycoprotein I1 production.
Lesions were first evident between 50 and 55 h for TNV and 30-33 h for TMV. The percentage changes in relative virus content (Table 1) in TNV-infected leaf samples indicate that the largest amounts of virus were extractable after 72 h, i.e., subsequent to the first glycoprotein response. In contrast, the relative virus content of TMV-infected leaves decreased at and after 48 h; in fact, during the first response. duced the yellow fluorescence, taken to be characteristic of callose, 48, 72, and 96 h after inoculation, the amount increasing with time. Sin~ilarly, with potato virus M lesions on red kidney bean, fluorescence was detected in a period 96-196 h after inoculation (Hiruki and Tu 1972) . There are a number of possible explanations for this apparent discrepancy in the detection of p(l -3) glucan material. Unless one is to refute the observations made by fluorescence and electron microscopy, degradation of glycoprotein I after 60 h does not appear to be an acceptable explanation. However, glycoprotein I may have originated fro111 the cell wall, but subsequent modification of the wall could prevent the extraction of glycoprotein by our methods. Alternatively, glycoprotein I (and perhaps glycoprotein 11) was extracted before deposition onto the cell wall had occurred. There are a number of observations which would support such a suggestion. Golgi bodies have been generally implicated in the synthesis of cell wall polysaccharides, such as those containing p(l + 3)-linked glucose units, and vesicles derived from the Golgi bodies are thought to transport these polysaccharides to the cell wall (Whaley et al. 1960; Whaley and Mollenhauer 1963 ; Frey-Wyssling e f al. 1964 ; Whaley 1966) . Furthermore, it has been shown that the presence of membrane-bound vesicles between the plasmalemnla and cell wall was the earliest ultrastructural change in cells of the Discussion resistant zone of TMV lesions on Pinto (Spencer 1970; Spencer and Kimmins 1971) . However, to The presence of both the first second ascertain the cellular location of the extracted g1ycoprotein responses in sham-inocu1ated but mclterial will require further investigation. not in uninoculated plants clearly indicates that
The significance of glycoprotein accumulation they are a product of mechanically induced in the localization of vlrus is not substantially wounding. We failed to detect P(1 -, 3) glucan dependellt on its location The data obtailled containing material after 60 h in Pinto leaves from the sham inoculation treatments show that hfeCted with TMV Or TNV' However' Wu et the events of glycoprotein production are indereport that 'Ise of the fluorOchrome pendent of the presence of virus. Apparently aniline blue for lesions of TMV on Pinto pro-glycoprotein was formed in to wound- However, if virus has already spread to, or in advance of, the sites of new deposition, then localization will be incomplete. In this latter instance the lesion will continue to enlarge as, for example, happens with TNV on Pinto. A similar proposal for localization, but as a result of quinone accumulation, has been suggested by Sinlons and Ross (1971) . A further inference suggested by these results is that localization (but not lesions) may only occur when transnlission of the virus has also caused a wound resDonse to the host. Unless transmission occurs by a method which avoids the need to penetrate the cuticle (through the seed, for example) then the creation of a wound is probably necessary (Kimmins and Casselman 1969) . Such a process of localization could explain why viruses that are localized when introduced mechanically may not be when transmitted in other ways. An example is TMV on Nicoticrtzn gi~ltitzosa, which shows localization after mechanical inoculation but a systemic infection if the virus is transmitted by grafting (Kausche 1941 ; Weintraub el al. 1961) .
